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The masses and residues of the radially excited heavy Ω0c and Ω
−
b
baryons with spin-parity JP =
1
2
+
and JP = 3
2
+
are calculated by means of QCD two-point sum rule method using the general
form of their interpolating currents. In calculations the quark, gluon and mixed vacuum condensates
up to ten dimensions are taken into account. In Ω0c channel a comparison is made with the narrow
excited states recently observed by the LHCb Collaboration [1].
Recently, the LHCb Collaboration reported on dis-
covery of new five narrow states Ω0c in the Ξ
+
c K
− in-
variant mass distribution based on the pp collision data
at center-of-mass energies 7, 8 and 13 TeV with an in-
tegrated 3.3b−1 luminosity [1]. The masses of the Ω0c
states were measured and found to be equal to (in MeV)
M = 3000; 3050; 3066; 3090; 3119. The LHCb de-
termined also their widths through Ω0c → Ξ+c K− decay
channels, which did not exceed a few MeV.
Till now the experimental information on the spec-
trum of the charmed baryons was limited by the Ω0c and
Ωc(2770)
0 particles with the masses [2]
m = 2695.2± 1.7 MeV, m = 2765.9± 2.0 MeV. (1)
They are presumably the ground states Ω0c and Ω
0⋆
c with
spin-parity JP = 1/2+ and JP = 3/2+, respectively .
Theoretical investigations of the charmed (in general,
heavy flavored) baryons, on the contrary embrace variety
of models and methods. The spectra of the ground and
excited states of the charmed baryons were analyzed in
the context of the QCD sum rule method [3–11], different
relativistic and non-relativistic quark models [12–20], the
Heavy Quark Effective Theory (HQET) [21], and in lat-
tice simulations [22]. The masses and magnetic moments,
radiative decays, various strong couplings and transitions
of the heavy flavored baryons were subject of rather in-
tensive theoretical studies, as well [23–29]. Some of these
theoretical works were carried out using additional as-
sumptions on the structure of the charmed (bottom)
baryons. For example, in the relativistic quark model
they were considered as the heavy-quark-light-diquark
bound states [13, 14]. In other papers, QCD sum rule
calculations aimed to evaluate spectroscopic parameters
of the charmed baryons were performed in the framework
of HQET [5, 6, 10, 11].
New experimental situation emerged due to the dis-
covery of the LHCb Collaboration, necessities a more
detailed investigation of charmed (bottom) baryons and
their spectra. In the present Letter we will calculate
the masses and pole residues of the radially excited 2S
charmed (bottom) 1/2+ and 3/2+ baryons in the frame-
work of the QCD full two-point sum rule approach by
employing the most general form of the interpolating cur-
rents without any restricting suggestions about their in-
ternal organization. We are going to follow a scheme
applied to calculate the masses and residues of the radi-
ally excited octet and decuplet baryons in Refs. [30, 31].
In these works, the authors get results, which are com-
parable with existing experimental data on the masses
of the radially excited baryons, and demonstrate that
the QCD sum rule method can be successfully applied
to investigate the radially excited baryons besides their
ground-states.
In order to derive the sum rules for the mass and
residue of the radially excited 1/2+ and 3/2+ baryons
we start from the two-point correlation function
Π(µν)(p) = i
∫
d4xeipx〈0|T {J(µ)(x)J¯(ν)(0)}|0〉, (2)
where J(x) is the interpolating current for the Ω0c (Ω
−
b )
states with JP = 1/2+. It is given by the expression
J = −1
2
ǫabc
{(
saTCQb
)
γ5s
c + β
(
saTCγ5Q
b
)
sc
− [(QaTCsb) γ5sc + β (QaTCγ5sb) sc]} . (3)
In the case of the 3/2+ baryons the interpolating current
has the form
Jµ =
1√
3
ǫabc
{(
saCγµs
b
)
Qc +
(
saCγµQ
b
)
sc
+
(
QaCγµs
b
)
sc
}
. (4)
In expressions above C is the charge conjugation ma-
trix, and Q is the c or b quark. The current J for the
1/2+ baryons contains an arbitrary auxiliary parameter
β, where β = −1 corresponds to the choice of the Ioffe
current.
The correlation function has to be calculated using
both the physical and quark-gluon degrees of freedom.
To this end, we adopt the “ground-state+first excited-
state+continuum” scheme and calculate ΠPhys(p) in
terms of their parameters
ΠPhys(p) =
〈0|J |ΩQ〉〈ΩQ|J¯ |0〉
m2 − p2 +
〈0|J |Ω′Q〉〈Ω′Q|J¯ |0〉
m′2 − p2 +. . . ,
(5)
where ΩQ and Ω
′
Q are the ground and first radially ex-
cited baryons with the masses m and m′, respectively.
2The dots stand for contribution of the higher excited
states and continuum.
Below we provide some details of calculations for the
spin 1/2 particles omitting, at the same time, correspond-
ing expressions for the spin 3/2 states. In order to pro-
ceed we introduce the matrix elements
〈0|J |Ω(′)Q (p, s)〉 = λ(′)u(′)(p, s), (6)
where λ and λ′ are the pole residues of the ΩQ and Ω
′
Q
states, respectively. Employing Eqs. (5) and (6) and
performing the summation over the spins of the 1/2+
baryons ∑
s
u(′)(p, s)u(′)(p, s) = /p+m
(′), (7)
we get
ΠPhys(p) =
λ2(/p+m)
m2 − p2 +
λ′2(/p+m′)
m′2 − p2 + . . . (8)
The Borel transformation applied to Eq. (8) leads to the
result
BΠPhys(p) = λ2e−m2/M2(/p+m) + λ′2e−m
′2/M2(/p+m
′).
(9)
As is seen, there are two structures in Eq. (9), namely
∼ /p and ∼ I, both of which can be utilized to derive the
required sum rules
λ2e−m
2/M2 + λ′2e−m
′2/M2 = BΠOPE1 (p),
λ2me−m
2/M2 + λ′2m′e−m
′2/M2 = BΠOPE2 (p), (10)
where BΠOPE1 (p) and BΠ
OPE
2 (p) are the Borel transfor-
mation of the corresponding structures in Π(p) , but
calculated in terms of the quark-gluon degrees of free-
dom and labeled as ΠOPE(p). Here we refrain from
writing down rather lengthy expressions of the functions
BΠOPE1 (p) and BΠ
OPE
2 (p), which will be published else-
where.
After rather simple manipulations we find the desired
sum rules for the parameters of the radially excited Ω′Q
state
m′2 =
d/d(−1/M2) [BΠOPE2 (p)−mBΠOPE1 (p)][BΠOPE2 (p)−mBΠOPE1 (p)] , (11)
and
λ′2 =
em
′2/M2
m′ −m
[BΠOPE2 (p)−mBΠOPE1 (p)] . (12)
In the case of the 3/2+ baryons we use the matrix ele-
ments
〈0|Jµ|Ω∗(′)Q (p, s)〉 = λ(′)u(′)µ (p, s), (13)
where uµ(p, s) are the Rarita-Schwinger spinors, and per-
form the summation over the spins s of the baryons by
means of the formula
∑
s
u(′)µ (p, s)u
(′)
ν (p, s) = −(/p+m(′))
[
gµν − 1
3
γµγν
− 2
3m(′)2
pµpν +
1
3m(′)
(pµγν − pνγµ)
]
. (14)
The interpolating current Jµ couples to the 1/2
+
baryons, which contribute to the sum rules, as well. Their
contributions can be separated and removed from the
sum rules by special ordering of the Dirac matrices (see,
for example Ref. [30]). It is not difficult to demonstrate,
that the terms, which are formed exclusively due to con-
tribution of the 3/2+ baryons are proportional to the
structures ∼ /pgµν and ∼ gµν . Namely, these structures
and corresponding invariant amplitudes are employed to
get sum rules for the masses and pole residues of the
ground-state and radially excited 3/2+ charmed and bot-
tom baryons.
The correlation function ΠOPE(p) should be found us-
ing the general expression Eq. (2) and heavy and light
quarks’ propagators. In calculations we employ the s-
quark and heavy quark propagators given by the expres-
sions
Sabs (x) = iδab
/x
2π2x4
− δab ms
4π2x2
− δab 〈ss〉
12
+iδab
/xms〈ss〉
48
− δab x
2
192
〈sgsσGs〉+ iδabx
2/xms
1152
×〈sgsσGs〉 − i gsG
αβ
ab
32π2x2
[/xσαβ + σαβ/x]
−iδabx
2/xg2s〈ss〉2
7776
− δab x
4〈ss〉〈g2sG2〉
27648
+ . . . (15)
and
SabQ (x) = i
∫
d4k
(2π)4
e−ikx
{
δab (/k +mQ)
k2 −m2Q
−gsG
αβ
ab
4
σαβ (/k +mQ) + (/k +mQ)σαβ
(k2 −m2Q)2
+
g2sG
2
12
δabmQ
k2 +mQ/k
(k2 −m2Q)4
+ . . .
}
. (16)
The correlation functions ΠOPE1(2) (p) can be written down
in the form
ΠOPE1(2) (p) =
s0∫
(mQ+2ms)2
dsρQCD1(2) (s)
s− p2 , (17)
where ρQCD1(2) (s) are the corresponding spectral densities,
and s0 is the continuum threshold parameter. In Eq. (17)
contribution of the higher exited states and continuum is
subtracted using the quark-hadron duality assumption.
As is seen, the sum rules for the excited states con-
tain the mass of the ground-state particles. We have
3(n, JP ) (1S, 1
2
+
) (1S, 3
2
+
) (2S, 1
2
+
) (2S, 3
2
+
)
M2 (GeV 2) 3.5− 5.5 3.5− 5.5 3.5− 5.5 3.5− 5.5
s0 (GeV
2) 3.02 − 3.22 3.12 − 3.32 3.52 − 3.72 3.62 − 3.82
mΩc (MeV ) 2685± 123 2769± 89 3066± 138 3119 ± 114
λΩc (GeV
3) (6.2± 1.8) · 10−2 (7.1± 1.0) · 10−2 (13.4 ± 1.3) · 10−2 (17.7± 2.4) · 10−2
TABLE II: The sum rule results for the masses and residues of the 1S and 2S charmed baryons with the spin-parity 1/2+ and
3/2+.
Parameters Values
mb 4.18
+0.04
−0.03 GeV
mc (1.27± 0.03) GeV
ms 96
+8
−4 MeV
〈q¯q〉 −(0.24 ± 0.01)3 GeV3
〈s¯s〉 0.8 〈q¯q〉
m20 (0.8± 0.1) GeV
2
〈sgsσGs〉 m
2
0〈s¯s〉
〈αsG
2
π
〉 (0.012 ± 0.004) GeV4
TABLE I: Parameters used in numerical computations.
evaluated the masses and pole residues of the 1/2+ and
3/2+ ground-state baryons by employing the two-point
sum rule method within the “ground-state + continuum”
scheme. In calculations the vacuum condensates up to
ten dimensions are taken into account. The masses of
the ground-state baryons are used in Eqs. (11) and (12),
and in the similar expressions for the 3/2+ baryons.
The sum rules depend on numerous parameters, which
are collected in Table I. It contains the masses of the
bottom, charm and strange quarks, as well as quark,
gluon and mixed vacuum condensates. The sum rules
also require fixing of the working windows for the Borel
parameter M2 and continuum threshold s0, which are
two auxiliary parameters of the calculations. For 1/2+
particles we have additionally β parameter coming from
the expression of the interpolating current. The choice
of M2, s0, and β is not totally arbitrary, but should sat-
isfy the standard restrictions of the sum rule calculations.
Namely, the convergence of the operator product expan-
sion, dominance of the pole contribution, existence of
the (M2, s0) regions, where dependence of the extracted
quantities on M2 and s0 is minimal, have to be obeyed.
The same is true for β: we have to determine a work-
ing region for β by demanding a weak dependence of our
results on its choice.
(n, JP ) (1S, 1
2
+
) (1S, 3
2
+
) (2S, 1
2
+
) (2S, 3
2
+
)
M2 (GeV 2) 6.5− 9.5 6.5− 9.5 6.5− 9.5 6.5− 9.5
s0 (GeV
2) 6.32 − 6.52 6.42 − 6.62 6.82 − 7.02 6.92 − 7.12
mΩb (MeV ) 6024± 65 6084± 84 6325± 92 6412± 108
λΩb (GeV
3) (12.1 ± 1.2) · 10−2 (9.3± 1.4) · 10−2 (20.9 ± 2.5) · 10−2 (23.6± 3.4) · 10−2
TABLE III: The mΩb and λΩb of the ground-state and radially excited bottom baryons with J
P = 1/2+ and JP = 3/2+.
Predictions obtained in this work for the masses and
pole residues of the 1S and 2S charmed and bottom
baryons with spin-parity 1/2+ and 3/2+, as well as the
working ranges of the parametersM2 and s0 are shown in
Tables II and III, respectively. Results for the (1S, 1/2+)
and (2S, 1/2+) baryons are obtained by varying the pa-
rameter β = tan θ in Eq. (3) within the limits
− 0.75 ≤ cos θ ≤ −0.45, 0.45 ≤ cos θ ≤ 0.75, (18)
to achieve the stable sum rules’ predictions.
By comparison of our results for the ground state
masses mΩc and mΩ⋆c with the experimental data given
in Eq. (1), we find a nice agreement between them. The
same is correct for the bottom Ω−b baryon with spin-
parity JP = 1/2+ and mass m = 6071 ± 40 MeV (see,
Ref. [2]). Our predictions allow us also to interpret the
states Ωc(3066)
0 and Ωc(3119)
0, recently discovered by
the LHCb Collaboration, as the first radially excited
(2S, 1/2+) and (2S, 3/2+) charmed baryons, respectively.
The spectroscopic parameters of the Ωc baryons were
calculated in the context of different approaches, see Ta-
bles IV and V. It is interesting to note that our results
for the charmed baryons are in accord with the predic-
tions of the relativistic diquark-quark model of Ref. [14].
Other quark models lead almost to same predictions for
masses of the Ω0c and Ω
−
b baryons. Within systematic
errors of the sum rule computations we agree also with
predictions of Refs. [7–9] for the masses of ground-state
4Ωc(1S,
1
2
+
) Ω′c(2S,
1
2
+
) Ω⋆c (1S,
3
2
+
) Ω⋆′c (2S,
3
2
+
)
(MeV ) (MeV ) (MeV ) (MeV )
2685 ± 123 3066± 138 2769 ± 89 3119± 114 this work
2698 3088 2768 3123 Ref. [14]
2699 3159 2767 − Ref. [16]
2718 3152 2776 − Ref. [17]
2720 ± 180 − 2760± 100 − Refs. [7, 8]
TABLE IV: The theoretical predictions for masses of the
ground-state and first radially excited 1/2+ and 3/2+
charmed baryons calculated in the context of the different
models and approaches.
Ωb(1S,
1
2
+
) Ω′b(2S,
1
2
+
) Ω⋆b(1S,
3
2
+
) Ω⋆′b (2S,
3
2
+
)
(MeV ) (MeV ) (MeV ) (MeV )
6024 ± 65 6325± 92 6084 ± 84 6412 ± 108 this work
6064 6450 6088 6461 Ref. [14]
6056 6479 6079 − Ref. [16]
6081 6472 6102 − Ref. [17]
6130 ± 120 − 6060 ± 130 − Refs. [8, 9]
TABLE V: The various theoretical predictions for masses of
the ground-state and first radially excited 1/2+ and 3/2+ bot-
tom baryons.
charmed and bottom baryons.
Investigations performed in the present Letter and re-
sults obtained in other works discussed above favor to
assign Ωc(3066)
0 and Ωc(3119)
0 states as the first radi-
ally excited (2S, 1/2+) and (2S, 3/2+) charmed baryons.
Because LHCb did not fix the spin-parity of five Ω0c
states, the remaining three particles, namely Ωc(3000)
0,
Ωc(3050)
0 and Ωc(3090)
0 maybe 1P -wave excitations of
the charmed baryons. Our predictions on the ground-
state and radially excited b-baryons with JP = 1/2+
and JP = 3/2+ may help experimentalists in the search
for these states.
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